The Laminin(LM)-database, hosted at http://www .lm.lncc.br, is the first database focusing a noncollagenous extracellular matrix protein family, the LMs. Part of the knowledge available in this website is automatically retrieved, whereas a significant amount of information is curated and annotated, thus placing LM-database beyond a simple repository of data.
INTRODUCTION
Laminins (LM) correspond to a large number of heretotrimeric glycoproteins, playing a major role in several cell functions, including differentiation, proliferation, adhesion and migration. These glycoproteins are composed of various combinations of one alpha, one beta and one gamma chains. Once assembled, these large molecules are 400-900 kDa in molecular mass and exhibit a cross or T shape. To date, five a, four b and three g chains have been identified, each one representing a given gene product, resulting in 16 known LMs (LMs 1-15) in mammals, each one bearing varying but large numbers of glycosilation sites (1) (2) (3) . Considering the complexity of LMs, a nomenclature was first proposed in 1994 (4); being evolved for a second and simpler nomenclature presently used, in which each a, b and g chain is identified by an Arabic number (3) . Accordingly, the LM originally described as LM-1 is formed by the trimer a1b1g1 and is presently named LM-111. Actually, this LM was the first to be identified, >30 years ago by Rupert Timpl in Germany (5) . Since then a large number of isoforms have been described, with specificities in terms of tissue distribution as well as cellular functions (3, 6) . In addition to binding to other extracellular matrix proteins, LMs bind specific cell membrane receptors. There are at least 11 integrins that have been reported as LM receptors, such as a1b1, a2b1, a2b2, a3b1, a6b1, a6b4, a7b1, a9b1, avb3, avb5 and avb8 (6) (7) (8) . Taking together, one can easily realize the high degree of biological complexity in LM-mediated interactions, in both health and disease.
Worldwide research into many aspects of LMs is rapidly growing. Such a notion can be applied for the study of LMs in general, as well as more specifically when we evaluate the expression and role of LMs in the hemopoietic system. For example LM-mediated interactions are relevant for the entrance of T cell precursors into the thymus (9, 10) , the migration of developing thymocytes, both in mice and humans (11) (12) (13) , as well as in peripheral lymphoid organs (14, 15) . Also, activated T cells use LM receptors to migrate, so that effector immune function in rejection of heart grafts can be abrogated by blocking LM-a6b1 interaction with antibodies specific for the ligand or the corresponding receptor (16, 17) . In fact, blockade of the a6b1 receptor also prevented neutrophils from crossing the basement lamina (18) . A role for LM isoforms (LMs-411 and 511) has also been demonstrated in leukocyte extravasation in the central nervous system (19, 20) .
Currently, despite the considerable amount of information on these proteins, the data remains scattered in the literature and in a variety of databases. This prompted us to build up a LM-database, which will hopefully be useful for the scientific community interested in the field, to easily retrieve the data available, so far dispersed in the net. We expect that the LM-database will be a relevant tool for retrieving information of LMs in health and disease, particularly in relation to the physiology of the hemopoietic system and related pathological dysfunctions.
LM-DATABASE GENERAL FORMAT AND IMPLEMENTATION
The LM-Database home page provides a tab with Pathway links for public databases showing the LM molecule in dynamic graphical models. It is structured as follows: in the menu bar, the rational for the database is presented with tabs sub-divided into LMs, receptors, extracellular LM-binding proteins and other related proteins. Each tab opens into a given molecule (e.g. LM-111). When clicking onto the specific protein, the reader finds a series of further tabs for the protein, gene structure, gene expression and tissue distribution, as well as therapy. Data are separated as a function of species.
Part of the data inserted for each molecule, is carefully curated and annotated. In this respect, all links manually annotated will be periodically updated.
Furthermore, there is a direct link to PubMed, which can be then consulted in a specific way, in terms of the biological functions of the given molecule, knockout animals and genetic diseases, immune response (further filtered as B cells, T cells, autoimmune diseases and Inflammation) and lymphomas/leukemias. The last tab refers to results generated in the context of the research consortium. Lastly, in the database project overview, there is a tutorial (help) to guide the reader, so that to facilitate retrieval of information within the database.
The LM-database was created in the context of a multicentric project dealing with LM in the hemopoietic system. Accordingly, the research groups involved have generated and will generate significant amount of data that will be part of the database. To highlight this issue, in addition to the subjects listed above, there is one in which references derived from the research consortium are available, as PMIDs, which in turn are directly linked to the abstract found in the PubMed database.
In a second vein, we found potentially useful for the readers that in the main menu of the website, they can have access to the corresponding Brazilian Laboratories and respective researchers. Also, there is a direct contact link to the official Email address to be used by any reader that intends to get any specific information and/or provide new ideas or criticism on the structure and functioning of the database.
Since there have been different names for various LMs, we added a specific tab in the main menu in which the reader can have direct access to the previous and the present LM nomenclature, as well as other names originally provided for some of the isoforms.
In the main menu, we can also access a number of links related to Biocarta and Kegg databases. These links will provide summarizing data on metabolic pathways; most of them being triggered by LM ligation on the cell surface.
As stated above, the LM-database appears in the context of a research network on LM and hemopoietic system, with new information being generated. For that, in a restricted area, the database will be also used for sharing information of ongoing research being done in each Laboratory. Nevertheless, once scientific articles are accepted for publication and appear in the PubMed, the corresponding PMIDs will be made immediately accessible to the readers.
The LM-database is based on the relational database MySQL and your web site is operated under the WWW server Apache with FastCGI. In its construction, three programming languages are used: The languages Perl and Shell Script was applied for the implementation of scripts that carry out the search, download, parse of the data files (text and xml) and import data. The languages Javascript and Perl were used for the implementation of the web site, through the Jquery (http://www.jquery.com) library and the Catalyst framework (http://www .catalystframework.org). The scripts that carry out the search and import of data are run periodically to the database and are kept updated. A restricted access interface on the web site is available for the insertion of the manually curated information. Lastly, the LM-database is hosted at http://www.lm.lncc.br and is freely accessible.
PROTEINS PRESENT IN THE DATABASE
A list of protein composed by LMs, integrin type and non-integrin type receptors, extracellular LM-binding proteins and other LM-related proteins was first compiled manually from the literature and the resultant LM-database comprises 42 proteins. This list will be updated periodically in accordance with the literature.
The interface of LM-database was structured so that the information on each protein is displayed in a straight format. Each entry is listed according to the official protein name (the name described in the literature), although other names (including previous names) are provided. The information is further sorted into domains, displayed as tabs sorted by subject: Summary, Protein, Gene structure, Gene Expression and Tissue distribution, Therapy and PubMed.
For each protein, the information is allocated into taxonomic division, Homo sapiens, Mus musculus and Rattus novergicus and when the given protein is a heterotrimer or a heterodimer, as LMs and integrins, the information is provided for each polypeptide chain composing the given protein.
The domains have been filled in using automatic recovery from public databases, providing computationally derived links, together with manual annotation and curation of each information.
THE PROTEIN TAB
The 'Protein' tab contains general information extracted from public protein databases and from literature, including name from UniProt (21) and RefSeq accession numbers (22) . Important protein information are provided, as 2D gel link, recovered from UniProt (21), amino acid modifications shown using filters in agreement with each modification found on protein, data about folding linked for experimentally-determined structures of proteins available on PDB (23) and known protein domains linked to Pfam (24) and Interpro (25) databases. It also contains manually annotated sections on proteinprotein interactions and protein function.
THE GENE STRUCTURE TAB
The 'Gene' structure tab contains information extracted from NCBI Entrez Gene database including mRNA RefSeq accession numbers (21) and chromosome location. In addition, this tab provides data concerning known homologs among the annotated genes of sequenced eukaryotic genome on NCBI, linked to HomoloGene (26), exon-intron structure and splicing variants available from Ensembl (27) , as well as links to the genome browsers MapViewer (26), UCSC Genome Browser (28) and Single Nucleotide Polymorphisms (29), when available. It also contains manually annotated sections on gene identification and gene structure and chromosomal localization.
GENE EXPRESSION AND TISSUE DISTRIBUTION TAB
The 'Gene expression' and 'protein distribution' tab also provides general information on LMs. In termsof gene expression, data were sub-divided in Microarray and Expressed Sequence Tags (EST). The Microarray is linked to the Gene Expression Atlas database (30) , which provides information concerning gene expression in different biological and experimental conditions. The EST data are linked to UniGene (26) . Additionally, the expression and localization of proteins in a large variety of normal tissues, cancer cells and cell lines, can be visualized by immunohistochemistry (IHC). Herein, the data on humans are linked to the human protein atlas (30) . The data regarding mice is linked to the Mouse Genome Informatics (MGI) (31) , whereas tissue distribution in the rat model is manually annotated from literature.
THE THERAPY TAB
This tab has annotated information concerning the use of LM and/or LM receptors as targets for therapeutic interventions. Additionally, we provide information related to commercial and non-commercial antibodies and inhibitors to each protein. The inhibitor list comprises inhibitors of biosynthesis, protein-receptor interaction and small RNA involved with mRNA silencing.
THE PUBMED TAB
Relevant literature has been automatically retrieved from PubMed (26) , manually curated and included on the PubMed tab. This tab also provides a structure based on filters where the papers are assembled as a function of important subjects related with the hematopoietic system. The filter topics are physiological functions, knockout animals, innate and adaptive immune responses, leukemias/lymphomas and others. The subject immune response is further subdivided into: B cells, T cells, autoimmune diseases and inflammation. Furthermore, the reader within the PubMed tab, the readers find a specific link in which articles published by members of the consortium can be consulted. The links to PubMed references are provided through the corresponding PMID numbers.
DISCUSSION AND PERSPECTIVES
Despite the huge amount of information concerning extracellular matrix ligands and receptors, the organization of such literature as Databases is, surprisingly, very incipient. Actually, the three databases we could find on this field referred to collagen-related genetic diseases (32) (33) (34) . In this context, the LM-database is the first one that deals specifically with a non-collagenous extracellular protein family and the first database related to extracellular matrix, providing information of both physiology and pathology.
In this context, the LM-database was a build up to allow a more objective and easier way to deal with the enormous amounts of information so far available on LMs, their receptors and their functions. In addition to the general molecular biology, genetics and biochemistry of this extracellular matrix protein family, literature on the role of LMs, particularly regarding the hemopoietic system, has been gathered together and sub-divided in more particular aspects.
In conclusion, we expect that LM-database will be a relevant tool for retrieving information of LMs in health and disease, particularly in relation to the hemopoietic system. In this regard, since it is clear that knowledge on various aspects of LMs and LM-related molecules is continuously expanding, we plan to update the LM-database by adding new, curate and annotated information as it appears in the literature. Conflict of interest statement. None declared.
